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Abstract

linearity and short response time.

Introduction

The resistive semiconducting metal oxide gas sensors currently
constitute one of the most investigated groups of gas detecting
device. Many MOx sensors are included in microchemical lab,
system and devices, for detection and control of parameters of
environment, industrial atmosphere and working environment.
In the field of solid-state gas sensors, the past few decades
have found widespread applications for gas sensors, based on
semiconducting metal oxides such as Sn0,, ZnO, TiO,, WO,, Bi,0,,
etc [1]. The operating principle of these semiconducting metal
oxide gas sensors is based on the phenomenon, that the electrical
conductivity of a semiconducting metal oxide varies with the
composition and the concentration of the gas atmosphere,
surrounding it. Among semiconducting metal oxides, ZnO has
been intensively studied for the detection of various gases, such as
H,, CO, NH,, NO,, and ethanol vapors [2]. Sensors based on metal
oxides for detection of gases have been widely investigated also due
to their small size, low cost and compatibility with semiconductor
fabrication technology. ZnO has great potential for use in gas
sensors because of the high mobility of conduction electrons and
good chemical and thermal stability under the operating conditions
[3]. Zinc oxide is a wide-band gap semiconductor metal oxide with

Microsensor design for ammonia (NH,) gas detection was proposed. The sensor is 4 segmented and consists of sensing resistors
- interdigitated electrodes and ammonia sensing layer, deposited on thermal oxidized silicon substrate with specific in shape
microheater and thermocouple. The zinc oxide (Zn0) layer, grown by RF sputtering method, was used as an ammonia sensing
coating. The ammonia sensor, which is of resistive type, changes its resistance, when the sensing film adsorbs or desorbs ammonia
gas. The thermal decomposition of ammonium bicarbonate (NH,HCO,) is used to provide constant and stable ratio NH,: CO, = 2:1,
receptivity 66% and 33% [g/mol] in volume. The results obtained from the testing of the ammonia gas are reported for temperature
range between 25°C and 50°C. Resulting change in the segments resistance is in the range between 134MQ to 56 MQ with excellent
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wide range of optical and electronic applications. ZnO is an n-type
semiconductor of wurtizite structure with direct band gap of about
3.37eV at room temperature [4]. Polycrystalline ZnO has found
numerous applications, such as related to surface acoustic wave
devices, piezoelectric devices, varistors, planar optical waveguides,
transparent electrodes, UV photo detectors, facial powders, gas
sensors, etc [5]. Various techniques have been used for ZnO thin
films deposition, such as spray pyrolysis, metal organic chemical
vapor deposition (MOCVD), e-beam evaporation and DC magnetron
sputtering [6]. In the present paper, we report on the study of the
gas sensing properties of ZnO, deposited by RF sputtering method
on comb metal electrodes situated around newly proposed design
of the heater that is expected to provide uniform distribution of the
thermal field and therefore more sensitive and faster sensors.

Materials and Methods

For the sensor fabrication, a surface micromachining
technology, with several step of layer deposition and striping of
constructive and sacrificial layers, is used. This technology is needed
for structuring of the sensitive layer and the metal interdigitated
electrodes used as integrated heater and temperature sensor. For
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the produced ammonia sensor, working in resistive mode, the
resistance between electrodes and gas sensitive film of ZnO is
changed, as a result of the contact with ammonia. In (Figure 1),
a structure of the interdigitated electrodes, deposited on silicon
substrate, with metal-oxide sensitive layer of ZnO is presented.
The structure contains four independent sensors areas, situated
on common substrate. The heater and the temperature sensor
are platinum films grown between them, in order to support of
constant temperature and measure the thermal field change during
the process of sensor testing and operation.
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Figure 1: Assembly drawing of the sensor.

The integrating of the heater and temperature sensor
additionally complicates the manufacturing process when
aluminium is used for electrodes, because of the increased
number of photolithography steps. However, if a platinum is used
as a metal layer, for producing of the heater, temperature sensor
and electrodes, the technological process will include only two
additional photolithography steps, but there will be a limitation in
the film thickness, and, as a result, in the resistance and the power
of the heater. In (Figure 2) layers of the sensor are presented. This
sensor consists of two main layers - platinum and zinc oxide, which
are structured by inverse photolithography. The using of the lift-
off process, instead of standard photolithography, is preferred,
because, in this case, the etching process of metal electrodes and
sensitive layer is avoided, preventing the influence on the previously
deposited film and destroying them. In (Figure 3), the photomasks
for the both lift-off processes are shown. The thermally oxidized
silicon wafer is used as a substrate. The thickness of the silicon
oxide is 100nm, which is necessary for dielectric isolation between
the metal electrodes, heater, temperature sensor and substrate. The
technology sequence is shown in (Figure 4). As a “sacrificial” layer,
the positive photoresist AZ1350 is used. The negative topology
image of electrodes is formed by the first photomask. On the top,
a 150nm platinum film is deposited by sputtering. After stripping
of the “sacrificial” layer, only structured comb electrodes remain on
the top. By using the second photomask, the next “sacrificial” layer
is formed, defining the topology of the sensitive layer only on the
electrode’s areas, as shown in (Figure 5). For the deposition of thin
ZnO0 layer, the sputtering targets of ZnO, with a purity of 99.99% was
purchased from “Goodfellow”, respectively with 75mm diameter

and 3mm thick. ZnO target was mounted in vacuum chamber of
Leybold sputter coating system A400 VL. The film was deposited
by RF sputtering process. The exact deposition conditions were as
follow: base vacuum 2x10°° Torr, the sputtering argon gas 2.5x102
Torr, sputtering voltage Uplsm = 0.75KkV, Iplsm = 150mA, sputtering
power Pplsm=112W. The growth rate was 9 nm/min ZnO. The
thickness of ZnO layer was 250 nm. Each one of the pair electrodes
includes 16 fingers, having width and distance between them, of
120um, respectively.
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Figure 2: Different layouts of the sensor.
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Figure 3: Photomasks (a - electrodes, b - ZnO) for lift-off
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Figure 4: Technology sequence of the lift-off process for
electrodes.
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Figure 5: Top view: (a) electrodes, (b) electrodes and ZnO.

Results and Discussion
Ammonia NH, Source

The produced sensor structures were tested and calibrated
in laboratory conditions. By this reason, it was necessary, during
the measurements to provide constant ammonia flow. In the most
frequently cases, this is realized by using of pure ammonia source
with an adjusting system for regulating gas flow through the
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Figure 6: Thermal reducing and contribution of ammonia.

After thermal reduction and passing through a dryer, the
mixture of 66% NH, and 33% CO, enters into the chamber. That
ratio remains constant until the source is heating. The chemical
reaction can be quantitatively submitted as:

NH,HCO,—»2NH,+CO,+H,0 (2)
9,634 441,8][g/mol]
Testing and Calibration

All 4 sensors from the structure were tested simultaneously in
one cycle. In such case, the received data can be averaged, decreasing
the measuring error. The measuring temperatures were changed
in the range 25-50 °C with a step of 1°C with a changing speed of
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chamber. The similar unit required complex equipment that makes
the measurement more expensive. For this reason, in this case, in
order to provide a constant ammonia flow during measurements, a
thermal reduction of ammonium carbonate, at 7°C was used. During
this reaction, some quantities of NH, and CO, were obtained. The
disposition of the experimental arrangement is shown in (Figure
6).

((NH,),C0,) - NH,HCO,+NH, —~ 2NH,+C0,+H,0 (1)
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1°C per minute. The results from the measurements are shown in
(Figure 7), where 3 of the 4 segments showed reliable results. From
the curves, is could be estimated the excellence linearity of the
sensor’s response during the NH, flow exposure. With the increase
of the temperature, the resistance of the sensors is reduced. The
response time (not shown) is approximately 30ms, but the recovery
time is longer - about 1 min-due to the lower temperature at which
desorbing process should occur. By the authors knowledge, these
times are improved as compared to similar low-cost solution,
which can be attributed to the newly proposed heater design. The
resistance of the sensor 1 is lower than the others, due to shortening
of some interdigitated segment electrodes.
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Figure 7: Temperature dependence of the sensor resistance.

Conclusion

The ammonia sensor was produced by surface MEMS
technology. ZnO was used as a gas sensitive layer. It was estimated
by applying resistive measuring principle. The realized sensor is
from the group of low temperature type MOx chemical sensors,
suitable for using near the room temperature operation range.
The temperature dependence of the sensors response and sensors
recovery time was shown to be satisfactory. A simple method for
providing of ammonia gas is proposed, which is necessary for
testing and calibration of the structure. The future work will be
done in the direction of defining of the sensor selectivity, increasing
its response time, as well as its possible integration in micro
chemical lab and MEMS devices for environment control.
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